This study was conducted to evaluate fertility in 160 day-old gilts. In Experiment 1, 28 gilts in the following five groups were injected with (1) vehicle, (2) 500 /ag of a synthetic gonadotropin releasing hormone (GnRH) anal ogne [ D-Ala 6-des-Gly-NH2101 -LH-RH-ethylamide (AY 25205), (3) a cbmbination of 400 IU of pregnant mares' serum gonadotropin and 200 IU of human chorionic gonadotropin (400 IU PMSG:200 IU HCG), (4) 1,000 IU of PMSG and (5) 1,000 IU of PMSG followed by 500/lg of GnRH analogue 72 hr later. In groups 1 to 5 the number of gilts treated, number of gilts ovulating and the mean +SE corpora lutea (CL) number were (1) 6, 0, 0; (2) 6, 3, .7 -+ .3; (3) 5, 5, 23.2 + 6.8; (4) 5, 4, 6.8 -+ 2.9; (5) 6, 6, 17.2 + 4.6. The CL number for group 3 was significantly greater than for group 4 (P<.05) but not group 5. The ovarian and uterine horn weights of gilts in groups 3, 4 and 5 were similar to each other and significantly greater than those for gilts in groups 1 and 2 (P<.05). None of the gilts in groups 1 or 2 were detected in estrus.
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centrations, all 51 gilts ovulated. Hormone treatment had no significant effect on the numbers of gilts detected in estrus, the ovulation rate (overall mean = 16.6), or the number of embryos. Ninety-five percent of the ova, based on the CL counts, were recovered from the oviducts of 20 gilts slaughtered 72 to 75 hr (Day 3) after the HCG or GnRH injections. Seventy-seven percent of the ova were fertilized, and all the gilts had some fertilized ova. Twenty of 31 gilts slaughtered on Day 30 were pregnant with an average of 9.7 normal embryos. Percentage embryonic survival based on the CL counts was 51.2%. Hormone treatment had no significant effect on the proportion of gilts pregnant or on the number of embryos. Of 11 gilts, that were not pregnant at slaughter, only three had been detected in cstrus; of 20 gilts pregnant at slaughter, 19 had been detected in estrus. Non-pregnant gilts, compared to pregnant gilts, had significantly lower ovulation rates (8. 
INTRODUCTION
An important goal in swine production is to farrow more pigs per sow per year. One approach to this goal is to lower the age at the first farrowing in the pig. The ovaries of gilts 56 days old or less do not develop mature follicles or ovulate in response to gonadotropin treatment (Majerciak et al., 1969) . Dziuk and Gehlbach (1966) reported that 90% of 90 to 130 day-old gilts (45 to 55 kg) can be induced to ovulate by treatment with pregnant mare's serum gonadotropin (PMSG) followed by human chorionic gonadotropin (HCG); however, the proportion of gilts exhibiting estrus at the time of insemination or remaining pregnant 20 1360 JOURNAL OF ANIMAL SCIENCE, Vol. 45, No. 6 (1977) days after insemination is low (Dziuk and Gehlbach, 1966; Shaw et al., 1971; Ellicott et al., 1973; Segal and Baker, 1973) 9 Attempts to induce a pregnancy that persists beyond 20 days in 155 to 180 day-old gilts (weighing 75 to 95 kg, induced to ovulate with PMSG and HCG or synthetic gonadotropin releasing hormone, GnRH), have had limited success (Rampacek et al., 1976) 9 Pregnancy has been achieved by inducing ovulation with a combination of 400 IU PMSG:200 IU HCG in a single injection in gilts 150-to 165-days old (Schilling and Cerne, 1972) . Gilts were inseminated on the fourth and fifth day after the injection of PMSG:HCG. Eighty percent of the gilts had ovulated, and 66% of all the gilts were pregnant at slaughter 30 days after insemination. In contrast, an injection of up to 1,000 IU of PMSG alone did not consistently induce ovulation in gilts weighing less than 85 kg (Baker and Coggins, 1968; Baker and Downey, 1975) .
Two experiments were conducted to compare the ovulatory responses to various hormone preparations and to determine fertility 30 days after insemination in prepuberal gilts.
MATERIALS AND METHODS
Experiment 1. Twenty-eight crossbred prepuberal gilts were brought to the Beltsville Agricultural Research Center in December 1975, when they were 135 to 143 days old. The gilts were kept in two pens with open front sheds and checked once daily for estrus by bringing a boar into their pens for 15 to 20 minutes. Twenty days later, when the gilts were about 160 days old (155 to 163 days), weighing 64 to 86 kg, they were assigned randomly to one of five treatment groups (table 1) consisting of the following injections: (1) 2 ml of the phosphate buffered saline, .1% gelatin vehicle (PBS); (2) 500 gg of a synthetic GnRH analogue [D-Ala 6-des-Gly-NH2 z o ] -LH-RH-ethylamide (AY 25205, Ayerst Research Labs); (3) 400 IU PMSG:200 IU HCG combination; (4) 1,000 IU PMSG (Ayerst Research Labs); (5) 1,000 IU PMSG followed by 500 /ag GnRH analogue 72 hr later. The hormones were dissolved in PBS, and 2 ml of each preparation was injected 9 The preparations containing PMSG were injected subcutaneously behind a foreleg and the GnRH analogue was injected intramuscularly in the neck. Gilts in group 5 were artificially inseminated with 6 x 109 spermatozoa in 60 ml of the Beltsville L-1 The gilts in the other groups were inseminated once or twice only if they were detected in estrus 4 to 6 days after treatment. Treatment group 2 was included because GnRH analogue is more potent than synthetic GnRH as an inducer of ovulation in diestrous rats (Banik and Givner, 1975) and mice (Banik and Givner, 1976) . The gilts were slaughtered to recover their reproductive tracts 8 to 10 days after the treatments were begun. The weights of ovaries and uterine horns, number of ovulations, and number of follicles greater than 6 mm in diameter were recorded. Ova were flushed from the oviducts and uteri with .9% NaCI solution and were prepared as whole amounts (Chang, 1952) , fixed 24 hr in 25% acetic acid:ethanol, stained with 1% lacmoid in 45% acetic acid, and examined under a phase contrast microscope. An ovum was considered to have been fertilized if syngamy had occurred or mitotic division had been initiated.
Experiment 2. This experiment was conducted in April and May 1976, with two groups of 30 prepuberal crossbred gilts each that arrived at the Center 21 days apart when they were f30 to 140 days old. The gilts were from a different source than those in Experiment 1. Fifty-one gilts were assigned to the experiment when they were 150 to 160 days old (weighing 65 to 100 kg). The experimental design was a completely random 2 • 2 • 2 factorial with (1) two preparations to stimulate follicular development (1,000 IU of PMSG or 400 IU PMSG:200 IU HCG), (2) two preparations to induce ovulation (500 IU of HCG or 500 gtg of GnRH analogue and (3) two times of slaughter to determine fertility. The PMSG or PMSG:HCG was injected subcutaneously; 72 hr later (Day 0) the HCG or GnRH analogue was injected intramuscularly in 2 ml of PBS. Eight other gilts served as a control group to determine the incidence of estrus and ovulation in the absence of hormone treatment.
The gilts were checked for estrus as described in Experiment 1 and artificially inseminated 30 hr after the second hormone injection without regard to estrus. The CL were counted and the ovaries and uterine horns were weighed after slaughter. The ova were recovered from 20 gilts slaughtered on Day 3 (72 to 75 hr after the second injection, 32 to 35 hr after the expected time of ovulation) and ova were evaluated as described in Experiment 1. Thirty-one gilts were scheduled to be slaughtered 29 to 31 days after the second hormone injection, or earlier if estrus was detected or luteal regression occurred. The uterine horns were dissected open longitudinally and the number of embryos and their crown-rump lengths and relative positions in the uterine horns were recorded. An embryo was considered to be normal if its crown-rump length and organ development were appropriate for its age.
Blood samples were collected from gilts in the Day 30 slaughter group on Days 12, 15, 18, 22, 25 and 29 after the HCG or GnRH analogue injection and from the control gilts on various days between Day 12 and 29. Plasma progesterone was quantified by radioimmunoassay. One hundred microliters of an antiserum (465/5) produced to an ll~-progesterone-succinylbovine serum albumin conjugate, used at a dilution of 1:5000, bound about 66% of .01 gtci of [1,2,6,7-~H] progesterone in an incubation volume of .3 ml per assay tube. The antiserum was highly specific for progesterone; only 17~-hydroxyprogesterone, pregnenolone and 17~-hydroxypregnenolone had significant cross-reactivities (1, 3.4 and 1.3%, respectively; Guthrie and Polge, 1976) . Disposable 13 x 100 mm glass culture tubes containing 30 to 1,920 pg of progesterone and tubes containing 5 to 100 gtl aliquots of the plasma samples were adjusted to 100 gtl with glass distilled water and extracted twice with 2 ml of petroleum ether (30-60 C, b.p. range). The sensitivity of the assay was 15 to 20 pg per tube and the intraand interassay coefficients of variation were 10.4 and 14.4%, respectively. Plasma progesterone concentrations were used as a preliminary indicator of ovulation. Gilts that exhibited estrus or a decline in plasma progesterone concentration indicative of luteal regression (Guthrie et al., 1972) were slaughtered before Day 30 to record the number of corpora lutea.
Statistical Analysis. The number of CL and embryos and the ovarian, uterine and body weights were analyzed by least squares analysis in Experiment 1. In Experiment 2, the factorial arrangement of treatments and pregnant vs non-pregnant states were used for statistical analysis of variables as indicated in Experiment 1, as well as the plasma progesterone concentrations for Days 12 and 15. Duncan's multiple range test was used when appropriate. Correlation analyses were conducted for variables of interest. The proportion of gilts showing estrus, ovulating, or pregnant were compared by chi-square. Unless otherwise indicated, the level of significance was 5%.
R ESU LTS
Experiment 1. The gilts in this experiment were slaughtered when they were about 170 days old. Results are shown in table 1. None of the gilts in the control group receiving 2 ml PBS or in the group receiving 500 /ag of GnRH analogue exhibited estrus or reddening or swelling of the vulva. No follicles greater than 6 mm in diameter or CL were found in the gilts of group 1 at slaughter. Three gilts given GnRH analogue had 1, 1 and 2 CL, and four gilts had a total of seven follicles greater than 6 mm in diameter.
In gilts of groups 3, 4 and 5, the number of CL per gilt ranged from 14 to 60, 0 to 16, and 8 to 33, respectively. The injection of PMSG:HCG into gilts of group 3 increased the number of CL significantly over the number induced by 1,000 IU of PMSG alone (group 4), but not over the number for gilts of group 5 given PMSG followed by GnRH analogue 72 hr later. In gilts of groups 3, 4 and 5, ovulation was nearly complete; only six of 16 gilts had a total of nine follicles greater than 6 mm in diameter. Only two gilts in group 5 had been detected in estrus, but all six gilts had ovulated and had fertilized ova.
Ova recovery from oviducts and uteri, based upon the number of CL, was only 68% for gilts of groups 3, 4 and 5. Only unfertilized ova were recovered from three of five gilts receiving the PMSG:HCG combination (group 3). However, in gilts that had fertilized ova, 90% were fertilized.
Experiment 2. The gilts in this experiment
averaged about 10 kg heavier at a comparable age of treatment than the gilts in Experiment 1. Three of eight untreated control gilts exhibited estrus 9, 10 and 18 days after the day that corresponded to the first day of treatment. Two other gilts had ovulated at about 14 and 21 days after the experiment had started without being detected in estrus.
Hormone treatment had no significant effect on the proportion of gilts exhibiting estrus or the number of CL formed (table 2) . Thirtyseven of 51 (73%) of the gilts exhibited estrus starting 3 to 5 days after the first gonadotropin injection. All of the treated gilts ovulated, with a range of 1 to 48 CL per gilt. The gilts treated with PMSG:HCG had an average of 4.5 more CL per gilt than those treated with 1,000 IU of PMSG, but this difference was not statistically significant. The incidence of estrus appeared to be associated with the number of CL formed. The mean ovulation rate was 19.7 for 37 gilts exhibiting estrus and 8.5 for 14 gilts not detected in estrus.
On Day 3, 381 ovulation points were counted, and 364 (95.5%) of the potential ova were recovered. Of the 358 ova prepared as whole mounts, 278 (77.7%) were fertilized and developing normally. The regression of the number of fertilized ova on the number of CL was linear (r = .684, P<.01) with no significant departure from linearity. When fertilized ova were considered, 10.1% of the ova were uncleaved (mostly from one gilt); and 61.9%, 27.3% and .7% of the ova had cleaved once, twice or three times, respectively. Sixty-five of the mounted ova (18.2%) had not been penetrated by spermatozoa and had no accessory spermatozoa; 59 of the 65 were at the metaphase II stage of meiosis, and six had vesicular nuclei. Fifty-eight of these unfertilized ova were collected from two gilts. Eight ova were polyspermic and seven others could not be classified definitively. The hormone treatments 11.6 +-1.9 13 9-13 13.5 + 2.2 13 9 13 15.2 +-3.5 12 9 12 18.5 -+ 3.0 13 10 I 13 19.2 -+ 4.0 had no significant effect on the number of ova recovered or fertilized. Twenty of 31 gilts were pregnant on Day 30. The proportion of gilts pregnant was not affected significantly by hormone treatment, but more gilts given PMSG:HCG or HCG (11 of 15) were pregnant than those gilts given PMSG or GnRH (9 of 16). Lack of pregnancy at Day 30 was associated with a reduced incidence of estrus and fewer ovulations following treatment. Of 11 gilts that were not pregnant on Day 30, eight had not exhibited estrus near the time of insemination, and the 11 gilts had a mean ovulation rate of 8.0. On the other hand, only one of 20 pregnant gilts had not been detected in estrus in response to hormone treatment.
Other differences between gilts that were pregnant or non-pregnant on Day 30 are shown in table 3. On the average, gilts that maintained pregnancy were significantly heavier than those that did not. Body weight was significantly correlated with the total number of embryos recovered from the 20 gilts that were pregnant on Day 30 (r = --.534, P<.05). Body weight was also correlated with uterine horn weight when all 51 treated gilts were considered (r = .403, P<.01).
On Day 30 the total number of embryos relative to number of CL was significantly less than the number of fertilized ova relative to CL on Day 3. Fifty-five percent of the potential number of embryos were recovered, and 91.9% (9.7 embryos per gilt) appeared to be developing normally. The regression of the number of normal embryos on the number of CL was fit by a second degree polynomial (r = .539, P<.05).
Plasma Progesterone. Plasma progesterone concentrations were quite variable among gilts on Days 12 and 15, ranging from 10.4 to 132.7 ng/ml and 1.8 to 98 ng/ml, respectively. When progesterone concentrations were adjusted for the number of ovulations by covariance analysis, hormone treatment had no significant effect. Plasma progesterone concentrations on Days 12 and 15 were significantly greater in the pregnant gilts than in the non-Pregnant gilts (table 3) . Six of the 11 gilts that were not pregnant on Day 30 exhibited an apparent delay in the completion of luteal regression; plasma progesterone concentrations on Day 18 ranged from 3.5 to 17.8 ng/ml. When either all of the gilts or only the 20 pregnant gilts were considered, the plasma progesterone concentrations for each day were significantly and positively correlated with each other and with the number of CL (table 4). The 
8
II O eq number of embryos recovered on Day 30 was not correlated with plasma progesterone concentration or uterine weight.
Discussion
The results of Experiment 1 indicated that the ovulation rate was greater after a single injection of 400 IU PMSG:200 IU HCG than after 1,000 IU of PMSG. In contrast to the results of Baker and Coggins (1968) , the injection of PMSG alone induced ovulation in four of five treated gilts. The injection of 500/ag of the GnRH analogue alone caused only a few ovulations; PMSG was required to induce significant follicular development. Baker and Downey (1975) reported that a single injection of 5 mg of the synthetic GnRH decapeptide failed to induce ovulations in gilts similar to those in Experiments 1 and 2.
In Experiment 2, ova were recovered at 32 to 35 hr after the estimated time of ovulation so that only the oviducts would have to be flushed. Ovum recovery was 95%. The proportion of ova developing normally was similar to that reported by Baker and Coggins (1968) , who also used stained whole mounts to evaluate each ovum. In contrast, when ova were collected 48 hr or more after the expected time of ovulation (Experiment 1) most ova were in the uterus, and only 68% of potential ova were recovered. Rampacek et al. (1976) reported ovum recoveries of 51 to 79% from the uterus; normal ovum development for various treatment groups, based upon the appearance of cleavage, varied between 14% and 69%. Baker and Downey (1975) recovered 77% of the ova from the uteri of gilts injected with 400 1U PMSG:200 IU HCG and 62% of the ova were developing normally. The quadratic relationship between the number of CL and embryos on Day 30 in Experiment 2 indicates that a limit on embryonic survival with increasing CL number had been reached by that time. Similar results have been reported in PMSG superovulated mature gilts (Guthrie et al., 1974) .
On the basis of the results of Experiment 2, no definite conclusion with respect to the relative efficacy of the four treatment combinations could be reached. Ovulation rate, estrous response, and ova development were not significandy affected by hormone treatment. The 30-day pregnancy rate for the gilts receiving PMSG:HCG was greater (11/15) than that for the gilts receiving only PMSG (9/16), but the difference was not statistically significant. Schilling and Cerne (1972) and Callaghan and King (1974) reported pregnancy rates similar to the results of Experiment 2, at 30 days and at farrowing, in gilts treated at a similar age with 400 IU PMSG:200 IU HCG.
Low pregnancy rates, ranging from 10% to 33%, were reported by Rampacek etal. (1976) at Day 25 in various experiments in 155 to 175-day-old prepuberal gilts treated with PMSG and HCG or GnRH. They also suggested that premature luteal regression may have occurred in nearly half of their non-pregnant gilts treated with GnRH. If their criterion (less than 5 ng/ml of plasma progesterone on Day 14) had been used in this study, only one gilt in Experiment 2 would have been classified as exhibiting premature luteal regression.
The plasma progesterone concentrations on Day 12, about 10 days after ovulation, were quite variable and appeared to be higher than those reported by Rampacek et al. (1976) . However, since the number of CL was not reported in that particular experiment, no direct comparison is possible. Both the pattern of progesterone secretion and the plasma concentrations of progesterone in pregnant gilts shown in table 3 are similar to those reported in mature superovulated gilts by Guthrie et al. (1974) .
In Experiment 2, plasma progesterone concentrations in about half of the non-pregnant gilts indicated that luteal regression was delayed. This delay could mean that some embryos were present, but that they could not completely overcome the luteolytic effect of the uterus. In embryo transfer experiments five or six embryos were required in the uteri of mature gilts to allow about 50% of the experimental gilts to establish pregnancy (Polge et al., 1966 (Polge et al., , 1967 . Failure to maintain pregnancy also appeared to be associated with a poor ovarian response to hormone treatment. Uterine protein secretions which may have a role in embryonic development are regulated by ovarian steroid secretion, particularly progesterone (Bazer, 1975) . Low plasma progesterone concentrations due to low ovulation rates might not sufficiently prepare the uterus for embryonic development and implantation. The precise signal for the maternal recognition of pregnancy in the pig is not known; however, there is evidence that estrogen secretion and metabolism by the blastocyst and uterine endometrium is involved (Perry et al., 1973; Heap et al., 1975) .
The results of Experiment 2 suggest that pregnancy can be initiated and maintained in a high proportion of gilts treated at about 160 days of age. The gilts were inseminated at a fixed interval after the injection of HCG or GnRH analogue without regard to detection of estrus. However, the occurrence of estrus, as a reflection of the ovarian response to hormone treatment, acted as a predictor of pregnancy maintenance at least until Day 30.
The pregnancy rate in prepuberal gilts, in general, might be improved if the ovulation rate could be increased in gilts responding poorly to gonadotropin treatment. The increased secretion of progesterone might promote oviductal and uterine development which is conducive to fertilization and implantation. Increased numbers of embryos might strengthen the signal eliciting the maternal recognition of pregnancy.
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